the subtemporal transtentorial approach allows radical or almost radical extirpation of tumours and the preservation of adjacent vital structures.
Rhizotomies
The microtechnique is especially helpful in sectioning trigeminal fibres either through the opening of Meckel's cave or by transtentorial exploration. In patients with spasmodic torticollis, sectioning of the spinal accessory and upper cervical nerves can be carried out more safely, with sparing of the very fine arteries accompanying the nerves.
Saccular Aneurysms
The microtechnique has many advantages in the exploration and elimination of saccular aneurysms. The aneurysm can be explored through a small frontolateral, sphenoidotemporal craniotomy. Mter extradural radical removal of the sphenoid ridge, the opened dura can be retracted toward the orbit. Arachnoidal fibres along the basal part of the sylvian fissure are dissected and the latter is opened without damage to the adjacent structures. The small triangular gap allows sufficient access to the middle cerebral and internal carotid arteries. The posterior communicating artery as well as the anterior cerebral arteries can be explored with minimal retraction of temporal and frontal lobes. This exploration is also ideal for aneurysms of the anterior communicating artery.
In the immediate vicinity of the aneurysm, normal and abnormal relationships can be clearly defined under 10to 16-fold magnification and the neck of the aneurysm can be carefully explored. With gentle bipolar coagulation the neck of the aneurysm can be made to shrink and to elongate and the wall can be toughened, making room for the clip or ligature to be applied without deforming the wall of the parent vessel or destroying adjacent perforating vessels. Coagulation of an aneurysm neck requires familiarity with bipolar coagulation. This technique has been used successfully in 200 patients with saccular aneurysms.
Arteriovenous Malformations (Cerebral and Spinal)
With microtechnique the numerous feeding and draining vessels immediately round the malformation can be clearly seen, and can be isolated and eliminated by ligature, clipping or coagulation.
The shrunken malformation can be removed.
Microsurgery ofOcclusive Cerebral Arteries
Using the microtechnique, embolectomy or thrombectomy has been carried out in 13 patients, and end-to-side anastomosis between the tem-poral superficial artery and a cortical temporal artery in 21 patients. These operations have been performed with great apprehension and hesitation because the indications for such surgery have still not been delineated. Mastery of microsurgical technique in the animal laboratory is an essential prerequisite for the application of this technique in man, but the lack of precise criteria for operative treatment prevents us from taking full advantage of the technical advances achieved in animal research. Reconstructive intracranial vascular surgery must be considered largely elective or preventive in nature at present.
Mr Huw Griffith (Department ofNeurological Surgery, Frenchay Hospital, Bristol)
Operational Factors in Microscopic Neurosurgery
There is no doubt that the introduction of neurosurgeons to the operating microscope is already contributing a great deal to everyday practice. We are now going through a phase of exploration and assessment of its uses and potentialities in the surgery of the central nervous system.
Before considering which factors are important in the introduction of the microscope, I should like to mention the complementary advance of bipolar diathermization, introduced by Malis (1969) . This has greatly helped the precise dissection of tumours and aneurysms, and in the following case was indispensable in treating an anterior communicating aneurysm.
Case 1
Man, aged 47 This patient, who had congenital spastic paraplegia but normal sphincter function, had a brisk spontaneous intracranial himorrhage from a large anterior communicating aneurysm (Fig 1) . No additional neurological deficit was sustained and fourteen days after the heemorrhage the aneurysm was explored by a subfrontal approach through the gyrus rectus, a technique usually used at Frenchay Hospital. It was found to be a sessile expansion of the entire anterior communicating arterial complex; it was untreatable by clipping or ligation and much too large for wrapping without doing unwarrantable damage to the surrounding brain. Accordingly, both anterior cerebral arteries were clipped temporarily, with the mean arterial blood pressure being raised to more than 100 mmHg; the bipolar forceps were then used to squeeze, empty, and then plicate the loculi of the aneurysm to a prune-like configuration. All the entering and aneurysm was then encased completely in acrylic (Dutton 1969) after the temporary anterior cerebral clips had been removed (Fig 2) . The patient, after a short period of nocturnal incontinence, returned to work within two months of operation.
I have found the bipolar coagulator to be of great use for arteries, but for veins I continue to use the unipolar coagulator. This is because the bipolar forceps tends to stick to tissue with the consequence that the thin-walled veins tear and bleed again as the forceps is opened. There will probably be a need for the development of a combined unipolar and bipolar diathermy system which can be switched at will from one phase to the other by the operator or surgical theatre sister.
Undoubtedly the microscope permits better surgery. It can also lead to more rapid surgery, because one can see exactly what one is doing; but for the same reason it can also lead to slower surgery. In my hands it has made no difference to operating times, and there is no reason to fear that the throughput ofwork will be impeded by the microscope. However, practice is needed to ensure that it is used to the patient's advantage. For instance, if the wound fills rapidly with blood, the surgeon inexperienced with the microscope tends to push it to one side, while the more experienced surgeon would respond to this situation by increasing the magnification, so as to see and deal with the bleeding points accurately.
We should remember that the pioneers in the field spent several years with the surgical microscope in the animal laboratory before undertaking clinical work, and their movements and attitudes had become adapted at much higher magnifications than are usual with human pathology. The situation for most of us will be different. Three main areas are likely to cause difficulty to the neurosurgeon whose naked eye technique is already well established. These are visual factors, those of approach, and factors to do with surgical instruments.
Visual Factors
The eyepieces and body of the microscope impede peripheral vision. This produces an appreciable and important reduction in the sectors of the visual field which the surgeon uses to transport instruments to the area in the field of the microscope. It is not useful to glance downward or to remove one's eyes from the eyepieces to overcome this disability, for this removes the magnified operative field from vision (Fig 3) . The surgeon must nearly always keep his gaze on the operative field, for, while onehand, usually the right, reaches out into his peripheral vision for a change of instrument, the other is usually holding a sucker or a manipulating instrument against the tissue which is being dissected. If he takes his eyes off the field, his left-handed instrument will wander a great deal more importantly than when using unaided vision. Fig 3 plots the areas of lost field with two differing kinds of eyepiece, showing that in the commonly used 'straight' configuration the area of lost field is much greater. This is just outside the 30°visual angle. In the 'angled' configuration more usually used in the laboratory the field loss is much smaller. This, I believe, is one reason why it takes only a few minutes to accommodate to the microscope in the laboratory, and several months to do the same thing in the operating theatre. The practical corollary is, of course, to use the angled eyepiece for preference; unfortunately the nature of most operations on humans is more compatible with the straight position, though the angled eyepiece must be used for some operations, such as Cloward's operation (Cloward 1958 ). The microscope manufacturers should begin to make eyepieces which will cut down the obscured area in the visual field of the operator.
Approach Factors
Most of the neurosurgery for which a microscope is appropriate is 'hole surgery'. The way in which many headlights of various types have been developed to overcome the problem of illumination is evidence for this. The powerful beam of the operating microscope has solved the problem of illumination, but the shape and depth of the hole is determined by anatomical factors. The need to put in the instruments at the side of or along the light path can seriously restrict the vision of the operator, for there can be no opportunity to tilt the head to one side to obtain another visual angle. Moreover, the narrow shape of the hole determines how the instruments are introduced. It took me several weeks to learn how always to keep fingers, sucker tubing, knuckles, and instrument handles from obstructing vision. In some operations such as transethmosphenoidal hypophysectomy, the approach is necessarily narrow. This operation is ideal for the microscope, for it enables the operator to do under stereoscopic vision what he could previously only do with one eye at a time. This is because the microscope in effect brings the optical axes of the two eyes much closer together. Professor Nager of Zurich (1940) first showed the feasibility of the transethmoid approach to the pituitary, and Mr Angell James of Bristol (1967) has now carried out the operation more than 500 times. It should be part of the armamentarium of any surgeon who wishes to operate upon the pituitary, and it illustrates the advantages of the microscopic technique. The Frenchay Hospital version of the operation is as described by Angell James (1967) except that the instruments are introduced directly through the ethmoidal wound instead of through the nares. The 300 mm lens is used, giving a very adequate working distance for an operation at this depth. The depth factor is important, and needs a little consideration. I have carried out only one operation in the past year where the 300 mm lens has been insufficient to provide an adequate distance between the objective lens and the entrance to the hole; this was the transoral removal of an odontoid which was causing a tetraparesis. There was difficulty in introducing instruments into the wound. A 350 mm lens, which we did not then possess, would have provided the extra room, but, of course, at the cost of less magnification. The 400 mm lens forces the operator to work at an arm position overstretched both for operator and assistant. Adequate magnification is then bought at the price of field depth, so that the use of an objective lens of more than adequate working distance is a positive disadvantage on two counts.
Instriimental Factors
Because of the restricted nature of the hole through which much microneurosurgery has to be carried out, cranked instruments are needed. But where an instrument with a small grasp is necessary a different kind of mechanism will be required. Compared with the ordinary 'singleaction' cup-jawed forceps, the 'reverse-action' forceps of Angell James is quick and accurate, avoiding the unwanted up-tilt of the former. It is also important to strike a balance between the reach and shank length of the instrument and the depth to which it can be introduced into the wound. As the working distance of the longest lens compatible with neurosurgery is about 350 mm, there is no great advantage in having enormously long instruments.
Similarly, because it is harder for an assistant to assist in surgical manipulations, even though it is much easier for him to see through the observation tube of the microscope, the surgeon has to rely on his own two hands for tasks which need three or four. Therefore instruments of combined function are at a premium. We have constructed two: a combined sucker-dissector, and a dissector blunt arachnoidal hook. We have also developed a tumour fork for manipulating the sometimes tough capsule of an acoustic neuroma. This can often be used in conjunction with the suckerdissector. With all the help which the microscope, light, and bipolar diathermy and special instruments give, the large acoustic neuroma remains a formidable surgical task.
Many other facets of this technique would bear discussion. For instance, having used the technique for about eighteen months, I would very much prefer not to be deprived of the microscope for any operation on an aneurysm, unless it were an 'easy' posterior communicating aneurysm or a middle cerebral aneurysm. I would not wish to put my patients to the unnecessary risk of operation without one. For all pituitary operations, Cloward's operation (Cloward 1958) , acoustic neuromas and deeply placed tumours in the posterior fossa, as well as small arteriovenous malformations, I believe it adds much to the safety and accuracy of the operation. On the other hand, there are operations where the microscope is better ignored. I have carried out in the past twelve months two operations at which I regretted using the microscope. One was a large occipital arteriovenous malformation at which the operation was merely lengthened by the use of the microscope. The other case was more importanta very large pituitary adenoma growing up into the caudate nucleus. At the first operation we were misled by magnification, and took out only the lower half of the tumour. We had to retrieve the rest from the caudate nucleus some days later, having had in the meantime to deal with a hvmorrhage from the remaining tumour.
With discrimination and taking account of the important factors which have been mentioned in the use of the microscope, there is no doubt that it is earning a central place in neurosurgery and should now be warmly welcomed.
Professor Nils Lundberg (Department ofNeurosurgery, University Hospital, Lund, Sweden) Monitoring of Intracranial Pressure" Continuous recordings of ventricular fluid pressure (VFP) have been used since 1956 in a total of 848 patients.
Miniature transducers implanted in the subdural or epidural space have also been used for monitoring intracranial pressure (ICP). Such measurements are influenced by different parameters, such as elasticity of surrounding tissues, local tissue reaction, shape and size of the probe, &c. Only by referring such 'pressures' to CSF pressure can one use them for quantitative assessment of ICP. In a few patients we have made simultaneous recordings of VFP and the pressure obtained by an epidural transducer. IThis paper is one of a collection dedicated to Professor Herbert Olivecrona by friends and pupils, on his 80th birthday, 11 July 1971.
